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Summary

There has been no systematic study of the immune response of individuals
aged over 60 years living in Schistosomiasis mansoni-endemic areas, although
senescence is reportedly associated with susceptibility to infection and pro-
gressive decline in immune function. We have shown previously, in two
endemic areas in Minas Gerais, Brazil, that the frequency of individuals aged
over 60 years with chronic schistosomiasis is no longer negligible. Moreover,
several elderly individuals who have always lived in these endemic areas stay
protected from infection. An important question for studies of ageing and
disease control in developing countries is which differences in the immuno-
logical profile of these negatively tested (non-infected) individuals can
account for their resistance to either infection or reinfection. We show, in the
present study, that non-infected (negative) elderly individuals develop innate
immune mechanisms of protection that replace the age-associated decline in
T cell function. Non-infected elderly individuals from endemic areas of schis-
tosome infection present an increase in the frequency of the natural killer
(NK) CD56low subset of NK cells expressing Toll-like receptors (TLR)-1, -2, -3
and -4 as determined by flow cytometry analysis. In addition, the proportion
of dendritic cells expressing TLR-1 is elevated as well as the frequency of
monocytes expressing TLR-1 and -4. These results suggest that TLR expres-
sion by cells of the innate immune system may be related to the negative status
of infection in some elderly individuals who are constantly exposed to S.
mansoni. Developing mechanisms of protection from infection may represent
a biomarker for healthy ageing in this population.
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Introduction

Studies on the relationship between age and schistosome
infection in humans usually show that there is a typical rise
in infection intensity during adolescence and a subsequent
decline as the population in endemic areas ages. Usually,
partial immunity to infection is acquired by adults between
25 and 49 years of age, with a further decline in infection
seen in the following decades. Recently, both Webster and
coworkers [1] and our group [2] have reported that another
rise in infection intensity occurs among the elderly, suggest-
ing a loss of this partially acquired immunity by elderly
people. There has been no systematic study of the immune
response of individuals aged over 60 years residing in Schis-
tosomiasis mansoni-endemic areas, although senescence is

reportedly associated with susceptibility to infection and
progressive decline in immune function. Several age-related
immunologically linked alterations have already been
described in the medical literature, mainly regarding the T
cell compartment [3]. They include involution of the
thymus, reduction in the number of CD3+ cells with a par-
allel increase of oligoclonally expanded CD4+ cells with a
memory phenotype, reduced potential to produce interleu-
kin (IL)-2 and loss of CD28 expression [4,5]. Changes in B
cells include a decline in production of naive B lymphocytes
[6]. Therefore, ageing is associated with an accumulation of
activated T cells and a decrease in the ability to mount
immune responses to novel antigens.

The development of effector CD4+ T helper cells is impor-
tant for the outcome of helminth infection and most
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chronically infected individuals in endemic areas of S.
mansoni infection present a poor proliferative response to
parasite antigens [7]. Reports on young and middle-aged
individuals show that interferon (IFN)-g production by T
cells is important in the protective immune response to rein-
fection [8]. The role of B cells and specific IgE in resistance to
infection is less established [9]. Recently, an increase in
worm-IgE was seen mainly in > 15-year-olds and, unlike in
children, was correlated inversely with infection intensity,
suggesting that this response was associated with immune
protection [10].

Because ageing is associated with a decline in T cell func-
tion, it is not surprising that individuals aged over 60 years
would be more susceptible to infection. However, not all
elderly individuals in endemic areas have a high intensity of
infection; some of them display a negative stool-screening
test for the presence of schistosome eggs, suggesting that they
are not infected. An important question for studies of ageing
and disease control in developing countries concerns which
differences in the immunological profile of these negatively
tested individuals can account for their resistance to either
infection or reinfection.

It has already been documented that innate immune
responses, differently from T cell function, are more resistant
to change with ageing [11]. Natural killer (NK) cells are
especially well preserved in healthy elderly subjects and the
age-related increase in CD16+ CD57– NK cells with high
cytotoxiciy capacity has been correlated with successful
ageing [12,13]. We have reported recently that the frequency
of IFN-g-producing CD16+ NK cells in non-infected indi-
viduals over the age of 70 years is significantly higher than in
infected individuals from an endemic area for schistosome
infection [14]. As IFN-g has been related to resistance to
infection, our data suggest that age-associated changes in NK
cells may counterbalance the decline in T cell function in
these individuals and play a role in protective immunity. The
nature of the interaction between NK cells and S. mansoni
antigens is not known, but it is likely that components of
innate recognition play a role in the response. Monocytes
and macrophages as well as NK cells express pattern recog-
nition receptors (PPR), namely scavenger and Toll-like
receptors (TLR) [15].

The Toll-like receptor family is the best-characterized class
of pattern recognition receptors that signal the presence of
infection to the host. Most mammalian species have 10–15
TLRs and they detect multiple pathogen-associated molecu-
lar patterns (PAMPs), including lipopolysaccharide (LPS,
detected by TLR-4), bacterial lipoproteins and lipteichoic
acids (detected by TLR-2), double-stranded RNA (detected
by TLR-3), flagellin (detected by TLR-5), the unmethylated
CpG DNA of bacteria and viruses (detected by TLR-9) and
single-stranded viral RNA (detected by TLR-7) [16,17].
Expression of several types of TLRs has already been
described in mammalian cells that participate in innate
immunity (such as NK cells and macrophages) as well as in

lymphocytes and dendritic cells (DC) [18,19]. Although
there are data on the age-associated alterations on TLR
expression in several cell types in mice [20], the influence of
ageing in human TLR function and expression has not yet
been well explored. A defect in production of tumour necro-
sis factor (TNF)-a and IL-6 by monocytes of elderly people
after TLR-1/2 ligation, when compared with production by
cells of young controls, has been reported recently. This
defect in TLR-1/2 signalling may result from alterations in
baseline TLR-1 surface expression in monocytes, which is
decreased in older adults, whereas TLR-2 expression is unaf-
fected by ageing [21].

Recent reports show that interaction of antigens from S.
mansoni with TLR-2, -3 and -4 in DC promotes their differ-
entiation into mature cells with distinct functions. Double-
stranded RNAs activate inflammatory cytokine expression in
DC through TLR-3 [22]. On the other hand, lysophosphati-
dylserine from eggs as well as from adult worms binds to
TLR-2 [23], whereas the lacto-N-fucopentose III group of
carbohydrates in S. mansoni is a ligand for TLR-4. Both types
of antigen promote DC expression of the T helper 2 (Th2)
cytokines IL-10 and IL-4 [24].

To investigate the putative role of these receptors in the
immune response of elderly to S. mansoni infection, using
flow cytometry we analysed the expression of TLR-1, -2, -3
and -4 in monocytes, NK and DC of infected and non-
infected individuals of different age groups.

Subjects and methods

Ethical considerations

Our study was submitted and approved for ethical clearance
by the Internal Review Board (IRB) of the World Health
Organization (WHO-2002) and by the ethical committee of
FIOCRUZ (Belo Horizonte). All subjects signed the
informed consent and infected individuals received treat-
ment with praziquantel 20 mg/kg of weight.

Subjects

Areas endemic for S. mansoni were identified from routine
prevalence surveys undertaken by the Foundation for
National Health (FUNASA). Fifty-five subjects who live in
two endemic areas (Travessão and Caju, Minas Gerais,
Brazil) were analysed in a cross-sectional study. From this
total number of subjects, 17 individuals (nine non-infected
and eight infected) live in Travessão and were divided into
two age groups: 15–59 (adults) and 60–77 years (elderly).
Thirty-six individuals (22 non-infected and 14 infected) live
in Caju, and were divided into two age groups: 19–59
(adults) and 68–94 years (elderly).

Extensive water contact studies performed in these
endemic areas showed that exposure measurements in total
body minutes are not statistically different among age
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groups, nor are they different among individuals with dis-
tinct levels of infection. Participants were matched by gender
and infection status in different groups (two age groups and
two groups for infection status). Detailed information on the
studied population is presented in Table 1. Negative indi-
viduals (non-infected) were considered to be those with no
egg counts and only individuals with > 100 eggs/g of faeces
were included in the positive (infected) group. Categories
of infection are in accordance with the WHO/CDS/SIP
(World Health Organization/Communicable Diseases/
Schistosomiasis and Intestinal Parasitoses). Of note, two
female individuals (aged 29 and 41 years) presented 1684
and 1724 eggs/g of faeces, and this can account for the large
standard deviation shown by the adult positive group. These
two individuals were not excluded from the study, because
they showed average variability in the parameters tested
compared to the others in the same group. None of the
participants was affected by neoplastic or autoimmune dis-
eases or was receiving chemotherapy that would impair
immune function. All the infected (positive) subjects had the
intestinal form of schistosomiasis, as determined by the
absence of hepatic alterations on ultrasonography. Subjects
classified as ‘intestinal’ were also defined as having eggs in
their faeces with no clinical symptoms other than occasional
intestinal discomfort.

Although infected individuals (adults and especially the
elderly) are still common in some areas of Brazil, most of
them have been already treated for S. mansoni infection at
some point in their lives as a result of the extensive scientific
research and health programmes that have been undertaken
in past years on S. mansoni infection in Brazil. Our study
aimed to investigate the immunological status of individuals
living in unexplored endemic areas and who had never been
treated for S. mansoni infection. Nowadays, these areas are
few and untreated individuals rare, which is the main reason
why we had to work with a low number of subjects (n = 3–5)
in most of the studies (Figs 1–5).

Test for infection status

Infection status was determined by the presence or absence
of eggs on faecal samples. Individuals from the endemic
area were asked for 3 consecutive days of faecal samples.
Slide preparation of the stool samples occurred within 24 h
of collection using the Kato–Katz thick smear technique,

with two slides prepared from each day’s stool sample.
Faecal egg counts for S. mansoni were measured by count-
ing the number of eggs per slide and then determining the
arithmetic mean of the eggs found in six slides (i.e. two
from each of 3-day samples) as described by Katz and
coworkers [25].

Flow cytometry study

Fifty mL of the blood was incubated with cy-chrome-labeled
anti-CD56, APC-labeled anti-CDIIC, fluorescein isothiocy-
anate (FITC)-labeled anti-CD14 (BD-pharmiycn, San
Diego, CA, USA), phycoerythrinepe-labeled anti-TLR1,
-TLR2, -TLR3, TLR4 (eBioscience, San Diego, CA, USA)
monoclonal antibodies in 1 : 20 dilution. After incubation,
the red cells were lysed with commercial solution [fluores-
cence activated cell sorter (FACS) lysing solution; Becton
Dickinson, San Diego, CA, USA], washed and fixed using
Macs Facs Fix solution. NK cells were detected by their char-
acteristic profile in the light scatter and by the expression of
CD56. DC and monocytes were identified by forward- and
side-angle scatter on a FACScan flow cytometer (Becton
Dickinson) and by the expression of CD11c and CD14,
respectively. At least 20 000 events were analysed using
cellquest software (Becton Dickinson).

Statistical analysis

Statistical analysis was performed using spss version 12·0
software (SPSS Inc., Chicago, IL, USA). Data were expressed
in percentage. Each variable was converted to normal distri-
bution by transformation into LN(X/100/(1-(X/100). Statis-
tical differences were assessed using an unpaired t-test when
comparing two groups. The analysis of variance was used
with multiple measures. Significance was considered at the
level of 5%.

Results

Frequency of CD56low NK cells was increased
and CD56high NK cells was decreased in infected
elderly individuals

To evaluate the impact of senescence and infection in innate
immune components, we first analysed the frequency of NK

Table 1. Groups, age and egg counts of individuals in the study sample from Travessão and Caju, two areas in Brazil endemic for schistosomiasis.

Groups Age (mean � s.d.)

No. of individuals

Neg Pos (> 100 egg) EPG (average � s.d.)

Total F M Total F M Neg Pos (> 100 egg)

Adult 15–59 (33·9 � 11·8) 16 12 4 16 9 7 0 416 � 531·1

Elderly 60–94 (74·9 � 8·7) 15 6 9 8 4 4 0 139·56 � 82·69

Neg = negative; Pos = positive.
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cells of 17 individuals from Travessão, an area endemic for S.
mansoni infection (details in Subjects section and Table 1).

NK cells were identified in flow cytometry studies by their
light-scatter–side-scatter (SSC) and forward-scatter (FSC)
characteristics and by the expression of CD56 and (Fig. 1a).
Figure 1b shows that there was a significant increase in the
frequency of CD56+ cells in non-infected (negative) indi-
viduals aged over 60 years compared to individuals of all
other groups. Two major NK subsets differing in the expres-

sion of CD56 on the cell surface have been described so far:
CD56low and CD56high (Fig. 1c). These two subsets represent
functionally distinct populations of cells with different
migration patterns [26]. To characterize further the changes
in NK in these groups of individuals, frequencies of the two
subsets were analysed separately. Our data show that the
proportion of CD56low NK cells rose (Fig. 1d) and the
frequency of CD56high NK cells declined in infected elderly
individuals (Fig. 1e) compared to the infected adult group.

Fig. 1. Frequency of CD56+, CD56low and

CD56high natural killer (NK) cells in individuals

from Travessão, an area in Brazil endemic for

schistosomiasis. Nine non-infected and eight

infected individuals were divided into two age

groups: 15–59 (adults) and 60–77 years

(elderly). Statistical analysis was performed as

explained in the Subjects and methods section.

Each point represents one individual. (a) NK

cells were identified in flow cytometry studies

by their light-scatter–side-scatter (SSC) and

forward-scatter (FSC) characteristics and by the

expression of CD56 (gated R1). (b) There is a

trend to an increase in the frequency of CD56+

cells in non-infected and infected individuals

aged over 60 years compared to adult

individuals. (c) Two major NK subsets were also

analysed: CD56low (gated R3) and CD56high

(gated R4) cells. (d) The proportion of CD56low

cells increased and (d) the proportion of

CD56high declined in infected elderly individuals

compared to individuals in the infected adult

group. Infect adult = infected adult and Infect

elderly = infected elderly.
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Fig. 2. Frequencies of Toll-like receptor

(TLR)-1, TLR-2, TLR-3 and TLR-4-expressing

CD56+ natural killer (NK) cells in individuals

from Travessão, an area in Brazil endemic for

schistosomiasis. Nine non-infected and eight

infected individuals were divided into two age

groups: 15–59 (adults) and 60–77 years

(elderly). Statistical analysis was performed as

explained in the Subjects and methods section.

Each point represents one individual. (a) There

was a significant increase in the frequency of

CD56+ TLR-1+ in non-infected elderly people

compared to the non-infected adult groups. No

difference was observed in the frequency of NK

cells expressing either TLR-2, TLR-3 or TLR-4

among the groups (b, c, d). Infect

adult = infected adult and Infect

elderly = infected elderly.

P = 0·0046
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Fig. 3. Frequencies of Toll-like receptor (TLR)-,

TLR2-, TLR3- and TLR4-expressing CD56low

natural killer (NK) cells in individuals from

Travessão, an area in Brazil endemic for

schistosomiasis. Nine non-infected and eight

infected individuals were divided into two age

groups: 15–59 (adults) and 60–77 years

(elderly). Statistical analysis was performed as

explained in the Subjects and methods section.

Each point represents one individual. There is

an increase in the frequency of CD56low TLR-1+

(a), CD56low TLR-2+ (b) and CD56low TLR-3+ (c)

cells in non-infected elderly individuals

compared to non-infected adults and infected

elderly subjects. Frequency of CD56low cells

expressing TLR-4 was different only between

healthy elderly and healthy adult individuals

(d). Infect adult = infected adult and Infect

elderly = infected elderly.
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Our results suggest that the frequency of NK cells and their
subsets was not related to infection status in elderly indi-
viduals per se. On the other hand, there is a trend to an
increase in the frequency of NK cells in the elderly group and
the lack of significance may be due to the low number of
individuals in the study sample.

Frequencies of TLR-1-, -2-, -3- and -4-expressing
CD56+ NK, CD56low NK and CD56high NK cells varied
with ageing and infection status

Although the number of individuals in the group was small,
there was a significant increase in the frequency of
TLR-1+ CD56+ cells in the non-infected elderly compared to
the non-infected adult groups (Fig. 2a). No significant dif-
ference was observed in TLR-2-, -3- and -4-expressing
CD56+ NK cells (Fig. 2b–d).

In Fig. 3, analysis of frequency of TLR-expressing cells
within the subset of CD56low NK cells is shown. There was a
significant increase in the non-infected elderly in the fre-
quency of TLR-1+, TLR-2+, TLR-3+ and TLR-4+ cells of this
subset compared to the adult non-infected group (Fig. 3a–d)
and a rise in the frequency of TLR-1+, TLR-2+, TLR-3+ cells
compared to infected elderly individuals (Fig. 3a–c).

In the subset of CD56high NK cells, one major age-related
alteration was observed: the increase in the frequency of
TLR-1- and -4-expressing CD56high cells in infected elderly

people when compared with infected adults (Fig. 4a,d). The
differences in TLR-2- and -3-expressing cells among groups
were not significant (Fig. 4b,c).

Frequency of TLR-1-expressing DC was up-regulated in
the elderly

DC were detected by their characteristic profile at the light
scatter and by the expression of CD11c (Fig. 5a). We
observed a very low frequency of CD11c+ blood cells in adult
individuals that express TLR-1, -3 or -4. At the same time,
there was a high frequency of CD11c+ TLR-2+ cells in indi-
viduals from all groups. However, our data show that fre-
quency of CD11c+ DCs expressing TLR-1 was increased to
almost 100% in elderly non-infected individuals (Fig. 5b).
Of note, the standard deviation was very low, indicating a
consistent change in all individuals. A trend in the frequen-
cies of TLR-3- and TLR-4-expressing DCs to rise was also
observed.

Frequencies of TLR-1- and TLR-4-expressing
monocytes were up-regulated in the elderly

We have analysed the frequency of CD14+ cells positive for
TLR-1, -2 and -4 in peripheral blood cells of 36 individuals
from Caju, another area endemic for S. mansoni infection
in Brazil (details in the Subjects section and Table 1).

Fig. 4. Frequencies of Toll-like receptor

(TLR)-1, TLR-2-, TLR-3- and TLR-4-expressing

CD56high natural killer (NK) cells in individuals

from Travessão, an area in Brazil endemic for

schistosomiasis. Nine non-infected and eight

infected individuals were divided into two age

groups: 15–59 (adults) and 60–77 years

(elderly). Statistical analysis was performed as

explained in the Subjects and methods section.

Each point represents one individual. There was

an increase in the frequency of TLR-1- and

TLR-4-expressing CD56high cells in infected

elderly people compared to the infected adult

group (a, d). Frequencies of CD56high cells

expressing either TLR-2 and TLR-3 were not

different among groups (b, c). Infect

adult = infected adult and Infect

elderly = infected elderly.

P = 0·0003

P = 0·039
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Monocytes were detected by their typical profile at the light
scatter and by the expression of CD14 (Fig. 6a). Contrary to
what was observed in DC, there were high frequencies of
CD14+ blood cells in adult individuals that express TLR-1, -2,
-3 or -4. Frequencies of TLR-1- and TLR-4-expressing
monocytes were both increased in non-infected elderly com-
pared to infected elderly people (Fig. 6b,d) and there was
also a significant difference between TLR-4-expressing
monocytes in non-infected elderly compared to non-
infected adults (Fig. 6d). Differences in TLR-2 expression
among groups were not significant (Fig. 6c).

Discussion

In times of demographic transition globally, studies on
ageing and disease control in endemic areas have to address
two major challenges. First, most endemic diseases, such as

schistosomiasis, are lifelong conditions with a chronic phase
that overlaps the process of senescence. Secondly, elderly
individuals present several dysfunctions in their immune
responses and vaccine strategies are usually designed for
younger populations.

It is well documented that ageing is associated with a
decline in immune function, mainly in the activities of T
cells. Fewer early progenitor B cells are also correlated with
ageing [6]. Dysfunction of APCs is observed and may repre-
sent a result of multiple failures of an ageing environment
[27]. Recently, a new approach to the study of ageing
emerged from the data collected from centenarians. These
data show that senescence is not necessarily associated with
deterioration of immune function, and that many immuno-
logical activities can be replaced by compensatory mecha-
nisms [28,29]. The concept of healthy ageing comes from
these studies and innate immune responses seem to be a key

Fig. 5. Frequency of Toll-like receptor (TLR)-1,

TLR-2-, TLR-3- and TLR-4-expressing dendritic

cells (DC) in individuals from Travessão, an

area in Brazil endemic for schistosomiasis. Nine

non-infected and eight infected individuals

were divided into two age groups: 15–59

(adults) and 60–77 years (elderly). Statistical

analysis was performed as explained in the

Subjects and methods section. Each point

represents one individual. (a) DC were detected

in flow cytometry studies by their characteristic

profile at the light scatter and by expression of

CD11c. (b) Frequency of CD11c+ expressing

TLR-1 was increased to almost 100% in elderly

non-infected individuals compared to

non-infected adult and infected elderly groups.

Frequencies of TLR-2-, TLR-3- and

TLR-4-expressing DC were not different among

groups (c, d, e). Infect adult = infected adult

and Infect elderly = infected elderly.

P = 0·0001 P = 0·002
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example of these mechanisms. Innate immunity is well pre-
served in senescence and this is reflected in the number and
cytotoxicity activity of NK cells that seem to be increased in
healthy elderly people and centenarians [12,30,31].

Developing countries, such as Brazil, are experiencing an
unprecedented growth in the number of their elderly people;
as such there is an increasing population of elderly people
living in endemic areas for infectious diseases. Previous
studies from our group have shown that there are individuals
aged over 70 years in areas endemic for schistosome infec-
tion who are tested negative for the presence of S. mansoni
eggs [14,32,33]. The concept of healthy ageing has an imme-
diate consequence for studies on ageing and endemic
diseases. Non-infected, negative individuals may be consid-
ered as an example of healthy ageing as they were able to
develop compensatory mechanisms to cope with immune
dysfunction and to generate protective responses against the
constant threat of infection in these areas.

NK cells are defined commonly as CD3–/TCR– large
granular lymphocytes that express CD56 and/or CD16 and
mediate non-major histocompatibility complex (MHC)-
restricted cytotoxic functions [34]. The two major NK cell
subsets, CD56low and CD56high, have been described recently
as separate populations of cells with distinct features [26].
We found no statistical significance in the frequency of
CD56+ NK cells among the groups. However, a trend to
elevated frequency of CD56+ NK cells was observed in the
two groups of elderly people (infected and non-infected),
confirming several previous studies that show a rise in the
frequency of NK cells with ageing [11–13]. It is likely that the
low number of individuals analysed in our study was a hin-
drance to reaching a statistically significant difference. The
frequency of CD56low NK cells was augmented and CD56high

diminished in infected individuals aged over 60 years. On
one hand, our data suggest that a balance between the two
populations may correlated with the infection status in the

Fig. 6. Frequencies of Toll-like receptor

(TLR)-1, TLR-2 and TLR-4-expressing

monocytes in individuals from Caju, an

endemic area for schistosomiasis in Brazil.

Twenty-two non-infected and 16 infected

individuals were divided into two age groups:

19–59 (adults) and 68–94 years (elderly).

Statistical analysis was performed as explained

in the Subjects and methods section. Each point

represents one individual. (a) Monocytes were

detected in flow cytometry studies by their

characteristic profile at the light scatter and by

expression of CD14. (b) Frequency of CD14+

cells expressing TLR-1 was increased in elderly

non-infected individuals compared to the

infected elderly group. (c) The frequency of

TLR-2-expressing monocytes was not different

among groups. (d) The frequency of CD14+

cells expressing TLR-4+ was increased when

compared to both the infected elderly and the

non-infected groups. Infect adult = infected

adult and Infect elderly = infected elderly.

(d)
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elderly. On the other hand, it has already been reported that
the ageing-associated rise in the frequency of CD56+ NK cells
is due mainly to an increase in the subset of CD56low cells
[35]. Therefore, it is plausible that we found statistical sig-
nificance only in infected subjects due to a lower dispersion
of the individuals in this group compared to subjects in the
non-infected group. Because in our previous study, as well in
the present study, we found no association between nega-
tively tested elderly individuals and increased numbers of
NK cells, our main hypothesis was that the activity of NK
cells may have a more profound impact in the protection
against infection in elderly people than the number of cells.

Indeed, in a recent study on ageing and chronic schisto-
somiasis, we have shown that the frequency of IFN-g-
producing CD16+ NK cells in negative (non-infected)
individuals over the age of 70 years is significantly higher
than in positive (infected) individuals after in vitro stimula-
tion with S. mansoni antigen extracts. Analysis of CD4+ and
CD8+ T cells under the same culture conditions show no
increase in IFN-g+ cells in this age group, suggesting that the
effect on CD16+ cells is not T cell-dependent [14]. Further-
more, cells were stimulated in vitro for only 5 h and this short
period of time is not enough for antigen presentation and
activation of T cells. Therefore, NK cells interacted directly
with S. mansoni antigens to generate the IFN-g response that
was measured. These results indicate that IFN-g-producing
NK cells may be involved in the protective mechanisms that
maintain the non-infected status in negative elderly indi-
viduals in spite of their constant exposure to infection.

Our previous data also opened the question of the nature
of the interaction between NK cells and parasite antigens.
One possibility is that NK cells bind IgG-bound antigens.
However, the higher frequency of IFN-g-producing NK cells
in non-infected individuals [14] suggests that other mol-
ecules may mediate the direct interaction and activation of
these cells. In the present study, we addressed this question
by analysing the frequencies of subsets of NK cells that
express different TLRs in elderly versus adult individuals.
Our hypothesis was that these receptors participate in the
interaction between NK cells and S. mansoni antigens as they
are key elements of innate recognition of patterns in infec-
tious agents. In addition, we examined the expression of
TLRs in other cell types such as monocytes and DC. TLR-3 is
usually expressed intracellularly. However, since extracellular
dSRNA from S. Mansoni eggs can activate DC through
TLR-3 ligation (22), we tested surface expression of TLR-3 in
DC and NK cells.

Overall, our results show that the frequency of TLR-
expressing NK cells vary mainly in the group of non-infected
elderly subjects. There was a low frequency of CD56+ cells
expressing TLR-1, -2, -3 or -4 in adult subjects (approxi-
mately 2%) and infection status did not change this
situation. However, a 12-fold increase in the average fre-
quency of CD56+ TLR-1+ NK cells was detected. A trend is
also visible towards an increase in TLR-2-, TLR-3- and TLR-

4-expressing CD56+ NK cells in elderly individuals of both
groups, suggesting that TLR expression in NK cells correlates
with ageing.

When CD56+ NK cells were analysed as separate subsets of
CD56high and CD56low cells, we observed a rise in the fre-
quency of CD56low cells expressing TLR-1, -2, -3 and -4. On
the contrary, we have detected an increase in the frequency of
NK CD56high cells expressing TLR-1 and TLR-4 in infected
elderly individuals. As this latter population is present at a
very low frequency (around 5%) in infected elderly individu-
als, the significance of this increase is limited and may not
have a similar impact in immunity to the increase in the
main CD56low NK cell population. There was also a general
trend to increase in the frequencies of CD56high cells express-
ing all TLRs tested in elderly individuals (infected and non-
infected), suggesting that this elevation may correlate better
with ageing than with infection status.

Usually, CD56low cells predominate in blood whereas
CD56high cells are more frequent in organs and tissues.
CD56high cells express higher levels of molecules with
co-stimulatory functions such as CD2, CD7, CD38 and
CD44, and this may be related to a higher ability of these cells
to respond to different stimuli. On the other hand, the
absence or low intensity of expression of the Fc gamma
receptor CD16 (a receptor for IgG-bound immune com-
plexes) may explain why these cells are less efficient than
CD56low cells in mediating antibody-dependent cytotoxicity
(ADCC). Overall, NK56high cells exhibit a phenotype sugges-
tive of cell activation that is IL-2-dependent as reflected by a
higher fraction of cells expressing CD25 (IL-2Ra chain) and
their constitutive expression of the IL-2Rb chain, CD122.
They display increased cytotoxicity activity in the presence of
low doses of IL-2 and higher proliferation capacity than
CD56low cells. CD56low cells have a high ability for ADCC and
high expression of CD57, an oligosaccharide that is
expressed in the late stages of T cell activation [26]. Their
phenotypic profile is compatible with a cell type involved
mainly in functional activities that are T cell-independent. It
is interesting that, in our study, non-infected elderly indi-
viduals presented an increase in the frequency of a subset of
NK cells that act independently of IL-2, a T cell-related
cytokine. As ageing is associated with a clear decline in T cell
function and a reduced potential to produce IL-2 [36],
CD56low cells may represent an alternative innate mechanism
of cytotoxicity and protective immunity for elderly individu-
als living in endemic areas. In addition, the fact that we
found previously increased numbers of IFN-g + NK cells [14]
in this same group of individuals suggests that CD56low cells
may act both via ADCC and IFN-g production.

Similarly, we detected a significant increase in the fre-
quency of CD11c+ DC expressing TLR-1 but not TLR-2+,
TLR-3+ and TLR-4+ in non-infected elderly individuals. Of
note, there is an increased trend in the frequency of TLR-3-
and TLR-4-expressing DC and it is likely that the low
number of individuals in our study groups hindered the
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statistically significance of these differences. Previous reports
in murine [37] and human models [38,39] have demon-
strated that DC enhance the cytolytic activity of resting NK
cells. A recent study using human peripheral blood mono-
cytes showed bidirectional cross-talk between NK cells and
DCs, resulting in activation of both cell types [40]. It is
plausible that, in healthy elderly individuals living in
endemic areas, TLR-1 expression has a role in this type of
interaction and mutual activation. As DC are in the interface
between innate and adaptive immunity, a possibility exists
that TLR-1-expressing DC may participate in age-related
compensatory mechanisms not only by triggering innate
immune responses, but also by optimizing antigen presenta-
tion that is known to be impaired in the elderly [41,42].

Higher frequencies of monocytes expressing TLR-1 and
TLR-4 were also identified in non-infected elderly individu-
als within our study sample. In mice, ageing is associated
with a profound decline in TLR expression by spleen and
peritoneal macrophages. In addition, these cells secreted
lower levels of IL-6 and TNF-a when stimulated with TLR
ligands, supporting the hypothesis that these alterations may
be related to the higher susceptibility to infection observed
in elderly animals [20]. Although the secretion of proinflam-
matory cytokines such as IL-6, IL-1 and TNF-a by in vitro-
stimulated peripheral mononuclear blood cells of elderly
subjects is usually higher, their macrophages show impaired
respiratory burst and reactive nitrogen intermediate produc-
tion with a decreased ability to destroy pathogens [41,42]. In
our study, increasing the frequencies of TLR-1- and TLR-4-
expressing monocytes may represent a successful innate
strategy to cope with pathogenic challenge by non-infected
elderly individuals.

Although most of these TLRs are involved in the recogni-
tion of bacterial and viral products, their participation in the
interaction with helminth antigens has been reported only
recently. Using high-density oligonucleotide microarrays,
Aksoy et al. demonstrated that two components of S.
mansoni eggs, the glycolipid lysophosphatidylserine and the
carbohydrate determinant lacto-N-fucopentaose III, activate
TLR-2 and TLR-4, respectively, in myeloid DC [22]. In addi-
tion, they showed that egg-derived double-stranded RNAs
activate inflammatory cytokine expression in DC through
TLR-3. This signal triggers myeloid differentiation factor
88 (MyD88)-dependent and MyD88-independent pathways
in DC.

In our study, we found consistently elevated frequencies of
TLR-expressing cells in non-infected elderly individuals.
According to the literature, TLR-3 is expressed predomi-
nantly by DC, and functions as a surface receptor for double-
stranded RNA (dsRNA), a molecular pattern produced by
most viruses. TLR-4 is expressed in a variety of human cell
types but mainly in macrophages and DC. TLR-4 functions
as the signal-transducing receptor for LPS and this binding
requires interaction with other receptors such as CD14 and
RP105 [43].

The most consistent increase in TLR-expressing cells
observed in non-infected elderly individuals was in TLR-1+

cells that were elevated among CD56+ NK cells, CD56low NK
cells, DC and monocytes. TLR-1 is expressed constitutively
by monocytes and immature DC, binding to triacyl-
lipopeptides of Gram-positive bacteria and other soluble
bacterial products. TLR-2 is a member of the same subfamily
of TLR-1 and TLR-6, and is expressed in monocytes and
myeloid DC. Interestingly, TLR-1 and TLR-6 co-operate with
TLR-2 to bind different bacterial products. The formation of
heterodimers between TLR-2 and either TLR-1 or TLR-6
dictates the specificity of ligand recognition [44]. Therefore,
the increase in the frequency of monocytes, NK and
DC-expressing TLR-1 may act as a boost for innate immune
responses mediated by other TLRs such as TLR-2. This
would be a strategy for boosting the reactivity of these cells
to a broad range of antigenic products.

In conclusion, our data show that non-infected elderly
individuals from endemic areas of schistosome infection
present an increased frequency of cells of innate immunity
expressing TLRs. One major population up-regulated in
these individuals is CD56low NK cells expressing TLR-1, -2, -3
and -4, and a consistent alteration observed was the elevated
frequencies of TLR-1-expressing cells in the same group of
subjects. These results suggest that elements of innate immu-
nity may be related to the negative status of infection in some
elderly individuals who are exposed constantly to S. mansoni,
and they may represent biomarkers of healthy ageing in this
population.
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